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The world’s current utilisation of water, allied to the forecasted
increase in our dependence on it, has led to the realisation that water
as a resource needs to be managed. The scarcity and cost of water
worldwide, along with water management practices within Europe,
are highlighted in this paper. The heavy dependence of energy
generation on water and the similar dependence of water treatment
and distribution on energy, collectively termed the water–energy
nexus, is detailed. A summary of the recently launched ISO14046
Water Footprint Standard along with other benchmarking measures
is outlined and a case history of managing water using the Energy
Management Standard ISO50001 is discussed in detail. From this, the
requirement for a methodology for improvement of water manage-
ment has been identiﬁed, involving a value system for water streams,
which, once optimised will improve water management including
efﬁciency and total utilisation.
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1.1. Background
The volume of water used in the world and our dependence on its supply is considerably understated.
Freshwater is available in abundance in some regions of the world, but is becoming increasingly scarce
in others. The United Nations (UN) recently stated that water links the local to the regional and brings
together global questions of food security, public health, urbanisation and energy. Addressing how we
use and manage water resources is central to setting the world on a more sustainable and equitable
path [1].
Worldwide, an estimated 768 million people remain without access to an improved source of
water [2]. Global water demand (in terms of water withdrawals), illustrated in Fig. 1, are projected to
increase by 55% by 2050, mainly because of the growing demands from manufacturing (400%),
thermal electricity generation (140%) and domestic use (130%). As a result, freshwater availability will
be increasingly strained over this time period, and more than 40% of the global population is projected
to be living in areas of severe water stress by 2050. There is clear evidence that groundwater supplies
are diminishing, with an estimated 20% of the world’s aquifers being over-exploited, some critically
so [2].2. Water management and utilisation
2.1. Water management within Europe
The level of management of water varies considerably around the world. The countries with more
advanced systems have extensive programs for conservation and recycling, whilst others tend to lose
substantial quantities of water in an almost regardless manner. Every year in the European Union
(EU), 247,000 million m3 of water is extracted from ground and surface water sources (streams, lakes
and rivers). The largest proportion of abstracted water (44%) goes to the energy-production sector for
cooling processes, with most being returned to rivers. Agriculture and food production use 24% of
abstracted supplies, with 17% used for public water supply and 15% for industry. Half of the water used
for manufacturing goes to the chemicals sector and petrol reﬁneries [4].
Meanwhile, freshwater resources, which are deﬁned as either stocks which are held in the ground
(groundwater) or are available from rivers, lakes, reservoirs, etc. (surface water), show the largestFig. 1. Water demand [3]. (Note: OECD: Organisation for Economic Co-Operation and Development. BRIICS: Brazil, Russia, India,
Indonesia, China, South Africa. ROW: Rest of the world).
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climate and population density, the freshwater resources available are unevenly distributed, ranging
from 100 m3 per capita in Malta to 20,700 m3 per capita in Finland. A method of analysing water
stocks is the water exploitation index, which represents the total volume of water abstracted in a
given year as a share of total freshwater resources. This index depends on the fresh water resources
naturally available as well as the level of use of water by households, industry, energy suppliers and
agriculture. The index varies widely among Member States, with the lowest shares observed in Latvia,
Slovakia and Sweden (all 1%) and Ireland (2%), and the highest in Cyprus (64%), Belgium (32%), Spain
(30%) and Malta (21%) [5].
Overall the abstraction and use of water resources can be considered to be sustainable in the long-
term in most of Europe. However, speciﬁc regions may face problems associated with water scarcity;
this is especially the case in parts of southern Europe, where it is likely that efﬁciency gains in relation
to agricultural water use will need to be achieved in order to prevent seasonal water shortages [6].
Indeed the signiﬁcance of water to the EU is illustrated through the adoption of the Directive 2000/
60/EC of the European Parliament and of the Council establishing a framework for the Community
action in the ﬁeld of water policy, or in short, the Water Framework Directive (WFD) in 2000, with
more speciﬁc directives subsequently complementing this. The WFD outlined a plan to improve the
condition of all European waters by 2015. This directive highlighted that approximately 25% of
groundwaters had poor chemical status due to human activities. It also identiﬁed that water scarcity,
which occurs when demand for water exceeds the available natural resources, affected 11% of the
European population and 17% of the EU territory [4].
Alternative sources of water are being developed and whilst there are several water puriﬁcation
technologies available, their deployment tends to be impaired by practicality and cost. Extensive
research is ongoing in many areas, including solar-driven desalination, which ultimately form part of
the solution particularly on a localised basis. Alternative approaches, including aquifer storage and
recovery, offer limited but beneﬁcial short term solutions. There are many opportunities for the joint
development and management of water and energy infrastructure and technologies that maximise
co-beneﬁts and minimise negative trade-offs. An array of opportunities exists to co-produce energy
and water services and to exploit the beneﬁts of synergies, such as combined power and desalination
plants, combined heat and power plants, using alternative water sources for thermal power plant
cooling, and even energy recovery from sewerage water [2].
The water and energy requirements for cities of the future could be kept to a minimum, through
effective planning and investment in systems designed with an integrated approach. Conservation
would be the primary concern for water, along with the segregation for re-use and the treatment of
the water for the intended use rather than complete treatment of all water to a high level.
In parallel with addressing the sources of water supply, wastage through leakage needs to be
minimised. The EU have stated that up to 50% of water resources are being lost through leakage in
water infrastructures and that the industry itself must play a major role in setting Sustainable
Economic Leakage Levels (SELL) [4]. Whilst there may be an argument that the water is never lost, the
lack of availability along with the wastage incurred in its sourcing and distribution needs to be
considered.
The supply cost of water in countries around the world, outlined in Table 1, varies considerably and
also varies depending on the use, however in industrial expenditure terms, it is consistently low. The
market price is not dependant on the value of the item, but on the amount that the market permits, as
with other commodities. This cost does not however incorporate any non-monetary consideration,
such as drought, famine and loss of life but is simply a cost and not a value.2.2. Local water management
Local water management, aside from water sourcing and storage, may be considered in terms of
distribution and utilisation. Utilisation may further be divided into sectors such as domestic,
commercial/retail and industrial. The patterns of utilisation and the motivating factors inﬂuencing
them vary considerably between the different sectors.
Table 1
OECD estimates of prices for water by broad sector usage [7].
OECD Nation Household
water supply
Industrial and
commercial
Irrigation and
agriculture
Average price
of water supply
Netherlands 3.16 1.08 1.44 1.89
Austria 1.05 1.05 1.01 1.04
France 3.11 0.95 0.95 1.38
Greece 1.14 1.14 0.05 0.78
Spain 1.07 1.08 0.05 0.73
United States 1.25 0.51 0.05 0.60
Hungary 0.45 1.54 0.03 0.67
United Kingdom 2.28 1.68 0.02 1.33
Australia 1.64 1.64 0.02 1.10
Portugal 1.00 1.26 0.02 0.76
Turkey 1.51 1.68 0.01 1.07
Canada 0.70 1.59 0.01 0.77
Note: Data not available for all OECD member nations. Prices are in $US/m3 of water. Includes water supply only and excludes
wastewater charges and taxes.
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sectors is motivated by the costs associated with the metered supply and the metered discharge. Irish
Water, Ireland’s national water utility authority, has recently been established within the energy
company Bord Gais and is being regulated by the Commission for Energy Regulation. As a direct result,
domestic water meters are now being installed nationwide. Whilst their impending existence may be
considered a ﬁnancial burden on households, they shall serve to assist with the conservation of water
through the reduction of domestic utilisation. Furthermore, once simple water balances of quantity
pumped versus quantity metered have been performed in the distribution systems, the volumes of
water and energy wasted shall become apparent. Water conservation programs within commercial/
retail and domestic sectors have been successfully completed. The per capita water utilisation in New
York City declined from 806 l per capita per day (lpcd) in 1980 to 481 lpcd in 2010, a drop of more
than 40% [8].
2.3. Industrial water management
Water has many functions industrially, ranging from being used as a raw material in the
pharmaceutical industry, to cleaning in manufacturing facilities and cooling in power generation
stations. Typically, in a sterile manufacturing facility for example, mains water is taken in and treated
by equipment and chemicals to provide several different water streams, such as de-ionised water,
puriﬁed water, water for injection, boiler feed water and potable water etc. Although it is true that the
supply cost is low, the additional value-added costs involving labour, materials, energy and equipment
required for the operations such as puriﬁcation, chemical treatment and ultimate disposal, increase
the ﬁnancial value of water considerably.
Whereas the ﬁnancial penalty for excessive utilisation in the commercial and retail sectors is of
signiﬁcance, in the industrial situation it is not as onerous. Whilst an industrial facility does purchase
its raw water supply and also contributes towards its treatment on discharge, the scale of the impact
on water conservation is present but limited. Consequentially, water conservation investments
provide a relatively low payback, which leads to difﬁculty with their justiﬁcation. In certain industries,
such as those in the food and beverage sector, the investments are justiﬁed and there have been
considerable improvements made in many installations by a combination of strategic investments
along with focused low-cost operational and maintenance improvements. However, in other large
industries the justiﬁcation is based on the commitment to improvement of the corporate and social
responsibility. Smaller entities typically do not individually have adequate capital to invest in this
area, however as a group, they are signiﬁcant and have potential to make an impact if harnessed.
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these may be incorporated into its larger objectives in order to achieve cost control and satisfy
corporate and social responsibilities. Undeniably several large corporations successfully spearhead the
debate and actively promote discussion relating to the change required to facilitate effective
management of water and energy. Furthermore, consideration also needs to be given to the non-
ﬁnancial value, where continuity of supply is a signiﬁcant concern. Quantiﬁcation of this characteristic
is more difﬁcult; however it is of substantial signiﬁcance. In order to assist and encourage attention in
these areas, a system of assigning real or added value to water is required.3. Water–energy nexus
On a worldwide basis, water, energy and food are considered as one nexus, with the water–energy
link being a subsidiary of that. Aspects of the nexus include the strong interdependencies between
water and energy generation. The increased utilisation of both water and energy has had effects on
climate change and subsequently on the environment. Both are undergoing a rapidly growing demand
worldwide, whilst also serving as resource constraints. Both are subject to regional quality variability,
with ﬂuctuations in supply and demand. Internationally, energy has been included in regulated
markets for a long time, while water has been added more recently.
However, dissimilarities also exist, the most prominent being the relative cost of each, with the
cost of exploration and treatment or generation, along with distribution and environmental taxes
being allocated to energy, whereas water typically only incurs the signiﬁcantly smaller abstraction,
treatment and distribution costs. The business of energy is much greater than that of water and
involves a correspondingly larger ﬁnancial industry and consequentially, those involved in policy
making are inﬂuenced by this fact. Energy data is available for most countries worldwide, usually in a
variety of formats, however there is considerably less water data available due to its non-existence
and this is a signiﬁcant factor in it not being prioritised at all levels: locally, nationally and globally.
The nexus that exists between water and energy has several facets of even greater interest. The
energy expended in the sourcing, treatment and distribution of water effectively assigns an energy
footprint to the water. Thus, any wastage of water has direct implications for energy wastage and
improvements made in water systems have a direct impact on energy utilisation.
The energy required to deliver 1 m3 of water safe for human ingestion from various water sources
is illustrated in Fig. 2 and demonstrates several important facts. First, the dependency on energy for
puriﬁcation is demonstrated. Second, the signiﬁcant quantity of energy required for drinking water isFig. 2. Energy requirement to deliver 1 m3 water safe for human ingestion from various water sources [9]. (Excludes critical
elements such as the distance the water is transported or the level of efﬁciency).
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of water and highlights the importance of the efﬁcient utilisation of freshwater resources.
The utilisation of energy may also be employed as an indicator of water utilisation through the
application of data analytics software. The information made available from electricity meters,
installed on the motors driving pumps on a farm’s irrigation system for instance, represents a set of
data, which when analysed correctly, can be turned into a proﬁle of when and where water is being
used and indeed lost in the irrigation system. Thus, without the addition of extra water meters, the
existing information can be analysed to assist with water conservation.
Another facet of interest is the water used by energy generation systems. Cooling within power
generation stations is critical and invariably involves water, either directly or indirectly. Inefﬁciencies
within cooling systems lead to water wastage. Approximately 90% of global power generation is water
intensive [2]. Thermal power plants are responsible for approximately 80% of global electricity
production, and as a sector they are a large user of water. Power plant cooling is responsible for 43% of
total freshwater withdrawals in Europe (more than 50% in several countries), nearly 50% in the United
States of America, and more than 10% of the national water cap in China [2].
Global energy demand is expected to grow by more than one-third over the period to 2035 [2].
The International Energy Agency (IEA) estimated global water withdrawals for energy production
in 2010 at 583 billion m3, representing some 15% of the world’s total withdrawals. Of this, 66 billion
m3 (bcm) was consumed (withdrawn but not returned to its source). By 2035, withdrawals could
increase by 20% and consumption by 85%, driven via a shift towards higher efﬁciency power plants
with more advanced cooling systems (that reduce water withdrawals but increase consumption) and
increased production of biofuel. Local and regional impacts of biofuels could be substantial, as their
production is among the most water intensive types of fuel production [10]. The current focus on the
shift towards electrically powered transport systems also has a signiﬁcant impact due to the intensive
water demands of the generation stations. Similarly, increases in the employment of hydro-power and
pumped storage are not necessarily beneﬁcial to the water situation in their locality. African countries
tend to possess signiﬁcant potential for these technologies and hence an integrated approach needs to
be adopted in simultaneously addressing both energy and water management.
A third facet of the water–energy nexus is the similarity in the necessity to manage water in a
manner analogous to that which has been applied to energy. Historically, there have been several
crises associated with energy, the most signiﬁcant of which being those associated with oil. This has
resulted in the evolution of measures to control the usage of oil, with one measure being a system to
manage energy. Usually, standards are developed to assist with these management systems, most
recently a worldwide standard ISO50001 for Energy Management was released.
The EU Directive, 2012/27/EU of the European Parliament and of the Council, The Energy Efﬁciency
Directive [11] launched in 2012, outlines the actions deemed necessary to address the requirements of
the energy situation. It speciﬁcally outlines the objective to reduce the dependence on energy imports
and scarce energy resources, to limit climate change and to overcome the economic challenge. This
has resulted in several measures, including the establishment of EU wide and national energy
utilisation targets, the obligation to carry out energy audits periodically and the requirement for
energy efﬁcient upgrading and procurement in certain areas. The introduction of similar measures in
response to the water predicament would be required in order to satisfactorily resolve the water
situation.
Several countries are planning for an environment-friendly energy future; however they also now
need to make provision for water scarcity and the two programs need to be incorporated. Energy and
water utilisation are inextricably linked and the water–energy nexus needs to be understood and
managed with any potential synergies harnessed. The neglect of either the energy supply area or
water supply area, both internationally and indeed industrially, can have a signiﬁcant impact on the
other and lead to shortages with consequential effects.
In order to assist with this, the UN has revised its publications protocol and the inaugural annual
World Water Development Report, published in March 2014, is themed upon “Water and Energy” [2].
This report outlines the current status of water abstraction, availability and utilisation worldwide,
paying particular attention to the water–energy nexus. It identiﬁes the requirement to progress with a
coherent integrated approach, considerate of the state of affairs of both water and energy. Looking at
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ecosystems provide a variety of services to the water–energy nexus can help the management of
trade-offs and ensure that short-term gains (e.g. in providing energy) do not undermine services
critical for resilience and long-term environmental sustainability [12].4. Water metrics
4.1. Water footprint standard ISO14046
The carbon footprint of an organisation is deﬁned as being the total of all the green-house gases
caused by the organisation. Presently, companies calculate their carbon footprint and strive to
improve it by reducing their emissions. In the not-so-distant future, companies are also expected to
declare a water-footprint in a similar manner to the declaration of a carbon footprint presently. This
footprint will be applicable to products, processes and organisations and will be based on life cycle
assessments (LCA’s). It will be necessary to accurately quantify the water used, in a veriﬁable and
consistent manner. In order to facilitate this, a new international standard entitled ISO14046
Environmental Management: Water Footprint, was launched in July 2014.
This standard speciﬁes principles, requirements and guidelines related to water footprint
assessment of products, processes and organisations based on life cycle assessment. It provides
principles, requirements and guidelines for conducting and reporting a water footprint assessment as
a stand-alone assessment, or as part of a more comprehensive environmental assessment. The result
of a water footprint assessment is a single value or a proﬁle of impact indicator results [13].
The expected effects of this standard are that water utilisation shall be more transparent and hence
reduced, thus performing a similar function to the application of ISO50001 to water management, but
in a different manner.
The Water Footprint shall serve as a measure which shall allow comparison of facilities and
products. Indeed certain measures already exist, albeit in a localised or speciﬁc capacity.4.2. Water usage effectivenessTM and other benchmarks
Many multi-national companies now require measures of both the quality and quantity of supply of
both energy and water. Quantitative metrics are being developed in order to allow comparison
between proposed locations. They are being used by multi-national corporations as an aid in the
selection of the location for future developments and also to assist with the determination of the
business continuity risk to existing facilities. One such metric is water usage effectiveness (WUETM)
[14], which is indicative of the quantity of water required for operating and cooling equipment. This
measure has signiﬁcance in the cloud computing industry and in particular to server farms, which
constitute data centres. Some multi-national companies have even commenced highlighting the
WUETM measure by publishing real-time dashboards on the internet that display how its data centres
are performing against these metrics.
Methods also exist such as Embedded Resource Accounting (ERA), proposed by Ruddell et al. [15],
which is a generalised process-orientated, input–output and network-based framework for complex
systems analysis. This method may be developed as a generalised footprint methodology and used to
derive footprints including the water footprint.
An essential requirement in the effective employment of metrics for benchmarking or demonstrating
performance improvement, is the suitability of the metric and its ability to exclude external
interferences. Water benchmarks also need to be appropriate and accurate. Certain energy benchmarks
simplistically calculate energy utilised per item manufactured without consideration of volume
reducing factors and thus can be misleading.
There are beneﬁts and disadvantages to all systems, both in isolation and in combinations. For
instance, intensive focus on energy efﬁciency alone can lead to measures being implemented which
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not fully considered, as the true value or cost of water utilised is not determined.5. Managing water as energy: A case history using ISO50001 energy management systems
5.1. Background
Adoption of a standard implies that the organisation undertakes to perform its activities in a
responsible, structured and efﬁcient manner and as described in its relevant certiﬁcation
documentation. On implementation of a standard approach, a certiﬁcation audit is executed in order
to grant certiﬁcation, with follow-up audits carried out routinely. Any non-compliance is identiﬁed
and corrected. Typically, this results in a well-managed, sustainable and improved performance in the
area covered by the standard.
Particular organisations have already adopted water as a form of energy and managed it using
standards, including ISO50001 the Energy Management standard; University College Cork (UCC)
being one such example. UCC, which was established in 1845 comprises over 20,000 students, was
awarded certiﬁcation to ISO50001 in 2011. It was the ﬁrst third level institution worldwide to achieve
certiﬁcation, along with being the ﬁrst public sector body in Ireland to be certiﬁed.
The trend in Fig. 3 illustrates the daily readings and linear average water usage by the main campus
of UCC, since certiﬁcation to the ISO standard. The data shown is for the calendar years of 2012 and
2013 and includes the signiﬁcant users such as the heating boilers and sanitary facilities. The
individual peaks and troughs visible represent the weekly pattern, with the monthly pattern
demonstrating the student occupation characteristics of the academic year, supported by an
underlying reading resulting from the presence of non-academic staff.
5.2. Implementation of the ISO standard
The putting into practice of the standard followed the typical ISO pattern; the required variables were
established and the ISO approach of Plan-Do-Check-Act was adopted in order to determine objectives,Fig. 3. Water utilisation in University College Cork [16].
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energy users, or in this case, signiﬁcant water users were identiﬁed and performance indicators were
established.
The temporal variation in water ﬂowrates due to student occupation levels, dictated by weekends
and seasonal holidays, in conjunction with the increasing student population complicated the
analysis. The variation in weather from year to year also inﬂuenced the readings.
Targeting the baseload, which is realistically essential utilisation along with wastage, was one
particular area of success over the years of implementation, which saw the night time ﬂowrate
decrease from 2.3 l/s to 1.9 l/s, which is a speciﬁc reduction from leak repair and use-analysis. An early
warning systemwas installed to alert high usage patterns. Successful monitoring identiﬁed anomalies
which required investigation and ultimately leads to increased efﬁciency through the identiﬁcation of
causes of the increases. Tracking of the remediation works executed along with quantiﬁcation of the
losses allowed identiﬁcation of the savings and also facilitated the provision of feedback to all
participants.
ISO50001 requires the demonstration of continual improvement through the reduction in
utilisation of energy, or in this case water. This is different to other standards which permit the
improvement to be demonstrated through additional training for example. Hence, the necessity to
correctly identify usage is essential and it is not permitted to use metrics such as m3/student, for
example, as an indicator of improvement when the number of students increases.
Without doubt, all facilities have their individual characteristics which increase the complexity of
implementation of a standard or program. In this case, the small quantity of meters installed and the
absence of a deﬁnitive quantiﬁcation of occupants in a particular building at any particular time,
proved to be the largest challenges. The use of virtual water meters and the use of occupant levels in
the access controlled library as a substitute for the student population on campus overall, proved to be
successful measures in elimination of these obstacles.
The areas requiring remediation were typical of a university campus comprising several buildings
of different ages and included underground pipework leaks, faulty meters, operation of sanitary
facilities during times of non-occupation, operation of laboratory facilities when not required and
inefﬁcient cleaning practices.
Inevitably all causes of anomalies in readings could not be explained; the installation of additional
metering would increase the functionality of the system and potentially facilitate automated
ﬁngerprinting and fault diagnostics along with more advanced statistical analysis, however
justiﬁcation of such expenditure was not possible at this stage. In the absence of such systems,
participation by operational personnel was of critical importance to the implementation of the UCC
system and this effort allied to the commitment of senior management, which are requirements of the
ISO standard, ensured the successful functioning of the program.5.3. Results of the ISO standard
In summary, the beneﬁts of following the program have been realised through the 18% reduction in
total annual usage from 67,434 m3/year to 54,966 m3/year [16]. This was achieved despite an
increased level of student activity within the college. The trend in Fig. 3 also illustrates the progress
being made within the 2013 year. The average utilisation at similar times of the year is lower and the
annualised trend is decreasing within the second year.6. The solution to water management—The true value of water
6.1. Understanding the requirements
Simply increasing the unit costs for metered water is not the correct solution. The ﬁnancial balances
within many organisations are well established and signiﬁcant modiﬁcation of this may jeopardise
their viability with extreme consequences. The application of human intervention and management
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speciﬁcally mention and require public consultation and involvement.
Novotny [17] presents a three-phase model for the relationship betweenwater demand and energy
use in Fig. 4. The model suggests that in the ﬁrst phase, the energy and greenhouse gas (GHG)
emission reduction is proportional to the reduction of the high water use. Separately, it has been
estimated that up to 65% of water used could be saved in some US cities just by implementing simple
water conservation measures, such as efﬁcient water appliances, reduction in leaks and dry
landscaping (i.e. xeriscaping) [17]. Part of this reduction in water utilisationwould yield a proportional
reduction in energy use, concurring with the hypothesis described in phase one. In the second phase,
cities can augment their water supply through additional sources and treating and reusing
stormwater. This will conserve additional water, although this will not result in as signiﬁcant a
decrease in energy demand as in phase one, due to the energy requirement of the treatment
processes. The third phase involves advanced water treatment options such as reverse osmosis water
recycling systems and desalination plants. Although these advanced systems are energy intensive,
they can offer a reliable source of water and their additional energy input requirements may be
countered by the use of efﬁcient technology and renewable energy sources [17].
Thus, the focus on future sources of energy generation has a signiﬁcant role to play. Table 2 details
the differing water withdrawal and consumption rates for power generation technologies. The
variance in the values between the technologies highlights the importance of the selection and the
impact of the decisions made.
Furthermore, conﬂicting policy objectives also need to be considered, particularly allowing for
environmental commitments and projections; however improving water and energy efﬁciency has
beneﬁts in multiple areas. As Faeth, Sovacool et al. identify, synergies exist for some options in the
power sector to meet growing electricity demand in cost-effective ways that conserve water, reduce
conventional air pollutants and cut greenhouse gas emissions. The least expensive option is to slow
demand growth through end-use energy efﬁciency improvements. Not only is efﬁciency the cheapest
approach because it avoids the need for new capacity altogether, but it also eliminates cooling water
needs and emissions. The least expensive option for new generation capacity is natural gas, which has
signiﬁcant environmental beneﬁts over coal, which is the dominant fuel for power production
globally. Water withdrawals and consumption are less than half that of coal for the same coolingFig. 4. Three phase model for energy–water demand reduction [17].
Table 2
Median water withdrawal and consumption values by fuel type and cooling technology [18].
Fuel Cooling type Median withdrawal Median consumption
(m3/MW h) m3/MW h)
Nuclear Tower (recirculating) 4.2 2.5
Once-through 167.9 1
Natural gas (combined cycle) Tower (recirculating) 1 0.7
Once-through 43.1 0.4
Coal (supercritical/advanced) Tower 2.3 1.9
Once-through 85.5 0.4
Coal (with carbon capture and sequestration) Tower 4.3 3.2
Solar photovoltaic n/a 0.1 0.1
Wind n/a 0 0
B.P. Walsh et al. / Water Resources and Industry 10 (2015) 15–28 25technology and there are no emissions of particulate matter and sulphur dioxide (SO2), there is 90%
lower nitrous oxide emitted (NOx), and the carbon dioxide emissions are also less than half that of coal
[19].
Ultimately, in order to achieve more effective water management, a change is needed from the
traditional reactive approach, where large storage capacity is incorporated into systems. More pro-
active management is required, with the installation of the facilities which allow the capture and
subsequent analysis of data. The smart use of the data will then allow the identiﬁcation and
exploitation of more opportunities for water efﬁciency.6.2. A value added water system
In order to achieve this objective, an understanding is ultimately required of the true value of water.
With water, as with many other substances, the more we use, the less valuable we understand it to be.
There is no standardised methodology or framework for the assignment of values to water streams
at present. Such a system would facilitate analysis through simulation and eventual optimisation of
the situation regarding utilisation. This would lead in due course, to more efﬁcient systems involving
employment of water of an appropriate grade with reduced overall utilisation, reduced cost and
improved environmental performance. An example of a value system is shown in Table 3, which
represents the water utilisation typical of a manufacturing facility, where the incoming mains water is
treated and used for different purposes. The necessary treatments and associated costs add value to
each stream. Additional alternative sources of water, originating from rainwater harvesting or
recycling, would necessitate different treatments.
The value added system facilitates simulation modelling, with the requirements of the facility
formulating the constraints for optimisation. Chew et al. [20] successfully employed a model-based
approach for simultaneous water and energy reduction in a pulp and paper mill and demonstrated
signiﬁcant savings.
An added value water system has applicability across all spectra of water utilisation and can be
adapted and weighted according to the priorities of the domain. Eventually, any successful overall
water management scheme will involve a combination of sub-systems, depending on the sector. Every
system will be comprised of an applied value system with components comprising legislative,
ﬁnancial, corporate and personal input.7. Conclusions
The management of water is of increasing importance globally. Water is essential for our existence
and its availability is not assured. It is anticipated that in future years, temperatures worldwide shall
Table 3
Typical manufacturing facility value added water system.
Utility Value added Cumulative value volume consumed¼V
Mains
supply
cost
Chemical
treatment
Processing
treatment
Energy
con-
sumed
Sampling
cost
Equipment
depreciation
Waste
neutralisation
Biological
waste
treatment
Offsite
dilute
waste
disposal
Drinking
water
M Ed Sd Dd B O Vd (MþEdþSdþDdþBþO)
De-ionised M Pdi Edi Sdi Ddi B O Vdi (MþPdiþEdiþSdiþDdiþBþO)
Water for
injection
M Ti Pi Ei Si Di B O Vi (MþTiþPiþEiþSiþDiþBþO)
Cooling
tower
water
M Tc Ec Sc Dc Nc B O Vc (MþTcþEcþScþDcþNcþBþO)
Chilled
water
M Tch Pch Ech Sch Dch Nch B O Vch (MþTchþPchþEchþSchþDchþNchþBþO)
Low
pressure
steam
M Ts Psl Esl Ssl Dsl Ns B O Vsl (MþTsþPslþEslþSslþDslþNsþBþO)
High
pressure
steam
M Ts Psh Esh Ssh Dsh Ns B O Vsh (MþTsþPshþEshþSshþDshþNsþBþO)
Firewater M Tf Ef Df B O Vf (MþTfþEfþDfþBþO)
Toilet
facilities
water
M Et Dt B O Vt (MþEtþDtþBþO)
Equipment
washing
water
M Ew Dw B O Vw (MþEwþDwþBþO)
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B.P. Walsh et al. / Water Resources and Industry 10 (2015) 15–28 27be higher, rainfall events shall be more concentrated and sea-levels shall be higher, all of which
inﬂuence water abstraction, consumption and distribution.
The UN estimates that 1.2 billion people, or almost one-ﬁfth of the world’s population, live in areas
of physical water scarcity, while another 1.6 billion people, or almost one quarter of the world’s
population, face economic water shortage. Furthermore, projections indicate that by 2025, eight
hundred million people will be living in countries or regions with absolute water scarcity and two-
thirds of the world’s population could be under severe water stress conditions [21].
Water availability will become a major consideration in residential occupation and business
operation around the world. The metered cost of water is also expected to increase in all parts of
the world.
Concerns regarding the future availability and cost of water have stimulated interest in the
management of this valuable resource. The EU Framework Programme for Research and Innovation
research Horizon 2020, which commenced in 2014, predicts €500 million per year EU public
investment in Water research in Europe [22].
The demand side management of water utilisation in a manner analogous to energy utilisation,
using ISO50001 Energy Management Systems, has been shown to be successful. The recently
published standard ISO14046 Environmental Management: Water Footprint, shall further advance
progress in this area. As well as efﬁciency, other factors such as wastage through ageing distribution
networks, conservation measures and waste water treatment developments to facilitate recycling,
also need to be considered.
Currently, 90% of energy production relies on intensive and non-reusable water models that are
not sustainable [23]. Support for other energy sources, such as biofuels, needs to be targeted in its
approach and considerate of the water footprint of the fuel, a case in point being biofuels from
irrigated sources. Support for the development of renewable energy, which remains far below that for
fossil fuels, will need to increase dramatically before it makes a signiﬁcant change in the global energy
mix, and by association, in water demand [2].
Increasing energy demands are restricting future water planning measures, again emphasising the
requirement for a comprehensive integrated approach from policy makers. In order to achieve a
system closer to a functioning circular economy, there needs to be increased focus on water. Water
and energy efﬁciency need to be addressed simultaneously in a cohesive manner. However, in order to
progress effectively, a standardised method of assignment of a true value of water needs to be
developed and adopted, particularly within industrial environments.Acknowledgements
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